
ShouldWeBase Training Prescription on the Force–Velocity Profile?
Exploratory Study of Its Between-Day Reliability and Differences

Between Methods
Pedro L. Valenzuela, Guillermo Sánchez-Martínez, Elaia Torrontegi, Javier Vázquez-Carrión,

Zigor Montalvo, and G. Gregory Haff

Purpose: To analyze the differences in the force–velocity (F–v) profile assessed under unconstrained (ie, using free weights) and
constrained (ie, on a Smith machine) vertical jumps, as well as to determine the between-day reliability. Methods: A total of 23
trained participants (Q1 18 [1] y) performed an incremental load squat jump test (with ∼35%, 45%, 60%, and 70% of the subjects’
body mass) on 2 different days using free weights and a Smith machine. Nine of these participants repeated the tests on 2 other
days for an exploratory analysis of between-day reliability. F–v variables (ie, maximum theoretical force [F0], velocity [v0], and
power, and the imbalance between the actual and the theoretically optimal F–v profile) were computed from jump height.
Results: A poor agreement was observed between the F–v variables assessed under constrained and unconstrained conditions
(intraclass correlation coefficient [ICC] < .50 for all). The height attained during each single jump performed under both
constrained and unconstrained conditions showed an acceptable reliability (coefficient of variation < 10%, ICC > .70). The F–v
variables computed under constrained conditions showed an overall good agreement (ICC = .75–.95 for all variables) and no
significant differences between days (P > .05), but a high variability for v0, the imbalance between the actual and the theoretically
optimal F–v profile, and maximal theoretical power (coefficient of variation = 17.0%–27.4%). No between-day differences were
observed for any F–v variable assessed under unconstrained conditions (P > .05), but all of them presented a low between-day
reliability (coefficient of variation > 10% and ICC < .70 forQ2 all). Conclusions: F–v variables differed meaningfully when
obtained from constrained and unconstrained loaded jumps, and most importantly seemed to present a low between-day
reliability.

Keywords: muscle properties, assessment, biomechanics, muscle function, strength, power

Optimum levels of lower-limb muscle power constitute a major
determinant of performance in a variety of sports—especially those
that require the execution of explosive or ballistic movements such
as sprinting or jumping.1 The assessment and improvement of
muscle power are therefore relevant.1 In this regard, the evaluation
of lower-limb muscle function through the assessment of the force–
velocity (F–v) profile has recently become very popular.2 This
method consists of modeling force and velocity data collected under
2 or more loaded conditions (eg, loaded jumps or sprints) in order to
estimate the theoretical maximal levels of force (F0, ie, theoretically
maximum isometric force), velocity (v0, ie, theoretically maximum
unloaded velocity), and power (Pmax) that an athlete can produce.3

Of note, although force plates are considered the “gold standard”
method for the assessment of force and velocity, field-basedmethods
(known as Samozino method) have been proposed to estimate the
mean values of force and velocity during jumps from 3 simple
variables (ie, system mass [eg, athlete’s body mass + external load],
jump height, and push-off distance).4 When compared with force

plate methods of assessing F–v variables, these field-based methods
have a high concurrent validity.5

It has been proposed that although jump height is largely
determined by Pmax, it is also influenced by the individual combi-
nation of the underlying force and velocity mechanical outputs.2,3,6

Thus, the same Pmax can be attained with different combinations of
F0 and v0, resulting in different jump performance.3 In this regard,
it has been proposed that there is a theoretically optimal F–v profile
for each individual who would maximize performance for a given
Pmax.2,6 Recent studies have shown that training that targets the
individual F–v imbalance (F–vIMB, ie, the imbalance between the
actual and the theoretically optimal F–v profile, which might
reflect either a force or velocity deficit) results in greater perfor-
mance gains when compared with a standard training interven-
tion.7–9 However, while there is some evidence that this method
of training is viable, much more research is needed in order to
better understand the actual effectiveness of F–v profile-based
training programs when compared with other traditional training
interventions.

Although the abovementioned studies support the assessment
of the F–v profile with the Samozino method and particularly the
development of a F–vIMB score that can be used to guide training
prescription, there is still debate on the optimal method for its
determination. Whereas some authors9–13 have conducted the test
under unconstrained conditions (ie, using free weights)—as origi-
nally proposed6, others have combined both unconstrained (for
unloaded jumps) and constrained jumps (using a Smith machine for
loaded jumps).5,7,8,14While both methods have been used, it has yet
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to be determined whether the data obtained through these 2
assessment methods are interchangeable.

Moreover, although there is evidence that supports the reli-
ability of the F–v profile when it is computed using linear position
transducers or force plates,15–17 to our knowledge no evidence
exists examining the between-day reliability of the F–v profile
assessed using Samozino method and the reliability of the F–vIMB

score, which would be necessary for this method to be used for
training prescription andQ4 evaluation. Recent research has reported
that even small biomechanical changes (variation of ±10° in the
knee angle) can meaningfully influence the F–v variables assessed
during loaded squat jumps.12 In addition, it has recently been
reported that although F–v variables obtained during 2 consecutive
blocks of jumps present an overall acceptable reliability, the
reliability of other important variables such as the F–v slope—
from which the F–vIMB is calculated—seems to be poorer (coeffi-
cient of variation [CV] >10%).Q5

11

In this context, the aim of the present study was to analyze
the differences in F–v variables computed using the Samozino
method from loaded jumps performed under unconstrained and
constrained conditions, as well as to perform an exploratory
analysis to determine the between-day reliability of the F–v
profile—and particularly F–vIMB.

Methods
Subjects

A total of 23 Judo athletes aged 17–20 years (mean [SD], age = 18
[1] y; weight = 77 [12] kg, height = 175 [5] cm) who competed at the
National level volunteered to participate in this study. Subjects
performed 3 to 4 training sessions per week (each lasting 90–
120 min) of specific Judo training and had a minimum experience
of 2 years performing resistance training (≥2 sessions per week, each
lasting 90–120 min), including loaded jump squats. The study took
place during a noncompetitive part of the season to avoid weight
changes (which are typical in this sport between competitions) or
fatigue. All subjects had the procedures explained and provided
written informed consent. Parental or guardian consent was required
when the participant was under 18 years old. The study was
performed in agreement with the Declaration of Helsinki and was
approved by the institutional review board (University of Alcalá,
Spain). Subjects were instructed to maintain their normal dietary
pattern during the study, as well as to refrain from doing intense
exercise and from consuming ergogenic aids (eg, creatine, caffeine).

Experimental Design

The present study followed a randomized crossover design and
consisted of 2 different experiments. For the magnitude compari-
son between the F–v variables (ie, F0, v0, F–vIMB, Pmax, and jump
height) assessed using free weights (ie, an Olympic barbell) and a
Smith machine (Multipower Fitness Line; Peroga, Murcia, Spain),
all 23 subjects participated in the experiment. All subjects came to
the laboratory on 2 different days, performing an incremental load
test in a randomized order in each session. Moreover, 9 of these
participants returned to the laboratory on 2 additional occasions,
repeating each incremental load test on the Smith machine and free
weights in order to evaluate the between-day reliability. All ses-
sions were separated by 48 to 72 hours and were conducted at the
same time of the day. Each participant performed all incremental
load tests using the same loads across sessions.

Procedures

All procedures were performed in accordance with previously
published methods.7–9 Subjects’ body mass and height were mea-
sured immediately before each testing session using an automatic
scale and a wall-mounted stadiometer (Seca, Barcelona, Spain).
The lower limb length was measured using a tape measure (Lufkin
W606PM; Apex tool, Sparks, MA) with an accuracy of 0.1 cm.
First, with each participant in a supine position with the ankle fully
extended, the distance from the iliac crest to the toes was measured.
Then, the distance from the iliac crest to the ground was measured,
while the participant was in a squatted position (90° of knee
flexion). The push-off distance (hPO) was then computed as the
difference between these 2 measurements.3,6 Participants were
then familiarized with this squatting position and were instructed
to start all squat jumps from this exact position.We also determined
the downward displacement of the Olympic barbell—which was
placed on the participants’ shoulders—between the standing up and
the squatting position to ensure that a similar push-off distance
(± 1–3 cm approximately) was achieved in all jumps for each
participant. For this purpose, a reflective marker was placed on the
bar, and its displacement was measured with an infrared optoelec-
tronic system (Velowin, Q6Realtec, Murcia, Spain).18

After a standardized 15-minute warm-up (5 min of jogging,
5 min of joint mobility, and 5 min in which participants performed
preparatory squat jumps with moderate loads), participants started
the incremental load test, performing between 3 and 5 jumps with
each load (3 valid jumps were required for each load). Participants
performed squat jumps with no added load (0% of the subjects’
body mass, performed holding a stick to simulate the Olympic
barbell) and with 4 different loads corresponding to approximately
35% (25 [0] kg), 45% (35 [4] kg), 60% (44 [6] kg), and 70% (55
[11] kg) of the subjects’ body mass, respectively, in a randomized
order. Loaded jumps were performed on a Smith machine or using
an Olympic barbell, depending on the assigned condition. Each
jump was separated by a 30-second rest and each load by a 5-minute
rest. Two researchers ensured that the technique of the jumps was
correct during each testing session.

Jump height was calculated from flight time using a photo-
electrical contact platform (OptoGait 1.9.9.0; Microgait, Bolzano,
Italy). This system has previously been determined to be a valid and
reliable tool for the assessment of jump height.19 The highest jump
from the 3 selected valid jumps was used for analysis. F–v variables
(ie, F0, v0, F–vIMB, Pmax) were computed for each participant and
session based on the subjects’ body mass, hPO, and load height as
explained elsewhere.3,6 Briefly, the mean force (F) and velocity (v)
were computed for each jump, and F–v curves were extrapolated to
obtain F0 and v0, which correspond to the intercepts of the F–v
curve with the force and velocity axis, respectively. Pmax was
determined as the product of F0 and v0 divided by 4.3,6 We also
computed the F–vIMB (as a percentage) by comparing the slope of
the actual F–v profile with the slope of the theoretically optimal F–v
profile as proposed by Samozino et al.6 We checked the linearity of
the F–v relationship in the spectrum of data available (55.3%–

90.6% F0, 0.65–1.38 m·s−1) by considering the correlation coeffi-
cients (R2 = .97 [.03] and .96 [.04] for the tests performed with the
Smith machine and with free weights, respectively).

Statistical Analysis

Following the calculations performed by previous studies on the
F–v profile, a sample size of ∼12 was considered sufficient to detect
differences in F–v variables with an alpha level <.05 and a power
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>0.80.16 Given that some of our analyses were performed with a
lower sample size (ie, n = 9 for reliability analyses), our results
should be considered exploratory.

Data are presented as mean (SD). Differences between con-
ditions and between days were assessed using Student paired t tests.
The magnitude of these differences was assessed using effect sizes
(ES, Hedge g), which were computed using G*Power (version
3.1.9.2; Heinrich Heine Universität Düsseldorf, Düsseldorf, Ger-
many) and considered trivial (ES < 0.20), small (ES < 0.60), mod-
erate (ES < 1.20), large (ES < 2.00), or very large (ES < 4.00).20

Consecutive pairwise intraclass correlation coefficients (ICCs) and
standard errors of measurement (expressed along with upper and
lower 90% confidence intervals) were calculated with a spreadsheet
for the analysis of the agreement between measures.21 CVs (com-
puted as the ratio between the standard errors of measurement and
the mean of the measures) were also computed. Acceptable
reliability was determined as a CV < 10% and an ICC > 0.70.22

Statistical analyses were conducted using a statistical software
package (SPSS, version 23.0; IBM Corp, Armonk, NY) setting the
significance level at α = .05.

Results
Magnitude Comparison

The variables obtained on the Smith machine and using free weights
are shown in Table 1. Significantly lower jump heights (ES = 0.52–
0.98) were found for the Smith machine compared with the free-
weight condition. The values of jump height attained on the Smith
machine and using free weights were reliable (CV < 10%, ICC >
.70), except for the heaviest load (ICC = .62 for 75 kg).

On the other hand, the F–v variables computed from these
jumps showed a poor agreement (ICC < .50 for all), poor reliability
(CV ranging from 17.0% to 24.9% for v0, F–vIMB and Pmax),
or significant differences between conditions (P < .05 for F0 and
F–vIMB). Individual data for the F–vIMB computed on a Smith
machine and using free weights are shown in Figure 1.

Reliability Analysis

Reliability analyses are shown in Table 2. The height attained
during the jumps performed on both the Smith machine (CV =
4.4%–7.8%, ICC = .85–.96) and using free weights (CV = 3.8%–

7.8%, ICC = .69–.96) showed an acceptable reliability and non-
significant differences between days.

The F–v variables computed in the Smith machine had an
overall good agreement and no significant differences between
days (ICC = .75–.95), but a high CV (>10%) for v0, F–vIMB, and
Pmax. In turn, all computed F–v variables (ie, F0, v0, F–vIMB,
and Pmax) from the tests with free weights showed a low reliability
(CV > 10% and ICC < .70). Individual data for the F–vIMB com-
puted during each testing session on a Smith machine and using
free weights are shown in Figure 2.

Discussion
The main findings of the present exploratory study are that (1) the
jump heights attained during loaded jumps (from 0% to ∼70% of
the athletes’ body mass) performed under constrained and uncon-
strained conditions are reliable (CV < 10%, ICC > 0.70), but their
magnitude significantly differ between conditions; (2) the F–v
variables estimated from these jump heights (ie, F0, V0, F–vIMB,
and Pmax) using Samozino method present significant differences
and/or a low ICC (<.50) between constrained and unconstrained
conditions, and thus the computed values are not interchangeable;
and (3) the F–v variables and particularly the F–vIMB estimated
from loaded jumps performed under constrained and especially
during unconstrained conditions present a high between-day vari-
ability (CV > 10%).

Table 1 Comparison of Force–Velocity Variables Computed During an Incremental Squat Jump Test Under
Constrained (ie, on a Smith Machine) and Unconstrained Conditions (ie, Using Free Weights)

Variable Smith Free weights P value ES CV, % SEM (90% CI) ICC (90% CI)

F0, N·kg
−1 28.6 (3.4) 30.7 (2.8) .008 0.64 8.0 2.36 (1.90 to 3.15) .45 (.13 to .69)

V0, m·s−1 4.40 (1.00) 3.89 (1.24) .104 0.36 24.9 1.02 (0.82 to 1.36) .20 (−.16 to .51)

F–vIMB, % 57.2 (14.9) 47.1 (17.2) .025 0.50 27.4 14.30 (11.52 to 19.10) .22 (−.13 to .52)

Pmax, W·kg−1 31.0 (5.7) 29.5 (8.3) .308 0.21 17.0 5.12 (4.12 to 6.83) .50 (.19 to .72)

H1, cm 19.4 (3.4) 20.6 (3.6) <.001 0.98 4.5 0.90 (0.73 to 1.21) .94 (.88 to .97)

H2, cm 16.3 (2.7) 17.5 (3.7) .022 0.52 9.9 1.67 (1.35 to 2.23) .75 (.55 to .87)

H3, cm 13.5 (2.3) 14.6 (2.0) <.001 0.94 6.0 0.84 (0.68 to 1.12) .86 (.73 to .939)

H4, cm 10.9 (1.7) 11.7 (1.2) .005 0.61 8.1 0.92 (0.74 to 1.23) .62 (.36 to .80)

Abbreviations: CI, confidence interval; CV, coefficient of variation; ES, effect size (Hedges g); F0, maximal theoretical force; F–vIMB, force–velocity imbalance; H, jump
height; ICC, intraclass correlation coefficient; Pmax, maximal theoretical power; SEM, standard error of measurement; V0, maximal theoretical velocity. Note: H1, H2, H3
and H4 correspond to the height attained during jumps performed with 35%, 45%, 60%, and 70% of participants’ body mass. Data are presented as mean (SD).

Figure 1 — Individual differences on the F–v imbalance assessed under
constrained (ie, on a Smith machine) and unconstrained conditions (ie, using
free Q7weights). The P value corresponds to the comparison between
conditions. CV indicates coefficient of variation; F–v, force–velocity;
ICC, intraclass correlation coefficient.
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In line with our results, previous evidence supports the
reliability of jump height under both constrained and unconstrained
conditions,23,24 although a higher variability seems to be present
with heaviest loads when using free weights (eg, CV = 19% and
ICC = .74 for 75 kg).23 There is inconsistent evidence related to
jump height between conditions, with some authors finding no
differences24 and others reporting greater jump heights during
testing sessions performed with a Smith machine, particularly
with heavier loads (difference of 9% with 75 kg).23 However, in
the present study we observed greater jump heights under uncon-
strained conditions, which could be partially explained by the
influence of friction forces associated with the Smith machine.

Some debate also exists on the best method (ie, Smith vs free
weights) for the assessment of the F–v profile. In their seminal
study, Samozino et al6 computed the F–vIMB based on the jump
height attained during a series of loaded tests performed with an
Olympic barbell. Numerous studies have followed this or a similar
procedure, performing both unloaded and loaded jumps using
free weights.9–13 In turn, several recent studies have estimated
the F–vIMB with loaded jumps performed under constrained con-
ditions.5,7,8,14 Moreover, some of these studies prescribed training
interventions based on the computed F–vIMB, with some using free
weights9 and others using a Smith machine.7,8 In this regard, our
study presents data that F–vIMB values—as well as the rest of F–v
variables—present a low agreement between measurements made
with free weights or a Smith machine. This lack of agreement could
result in an individual being prescribed the wrong training
(eg, focusing on a velocity vs focusing on a force deficit) depending
on the assessment method and whether that method corresponds
to the training methods. Future research should confirm whether
a mathematical correction can be made attending to variables
such as friction forces—which are usually overlooked but can

Table 2 Between-Day Reliability of Force–Velocity Variables Computed During an Incremental Squat Jump Test
Under Constrained (ie, on a Smith Machine) and Unconstrained Conditions (ie, Using Free Weights) Q8

Variable Day 1 Day 2 P value ES CV, % SEM (90% CI) ICC (90% CI)

Smith F0, N·kg
−1 28.7 (4.0) 28.1 (3.4) .205 0.43 3.4 0.97 (0.70 to 1.66) .95 (.84 to .99)

V0, m·s−1 4.26 (0.89) 4.79 (1.24) .090 0.66 12.6 0.57 (0.41 to 0.98) .77 (.38 to .93)

F–vIMB, % 56.6 (16.6) 61.7 (14.6) .166 0.51 12.1 7.14 (5.13 to 12.21) .84 (.54 to .95)

Pmax, W·kg−1 30.2 (4.9) 33.2 (7.2) .105 0.62 11.0 3.47 (2.49 to 5.93) .75 (.33 to .92)

H0, cm 30.9 (4.8) 30.8 (6.0) .925 0.03 7.8 2.42 (1.74 to 4.14) .85 (.58 to .95)

H1, cm 18.7 (3.7) 19.3 (3.6) .235 0.45 4.9 0.94 (0.67 to 1.60) .95 (.85 to .99)

H2, cm 16.1 (2.8) 16.3 (2.9) .608 0.20 4.4 0.71 (0.51 to 1.21) .96 (.86 to .99)

H3, cm 13.2 (2.2) 13.6 (2.4) .485 0.34 6.3 0.84 (0.60 to 1.43) .90 (.71 to .97)

H4, cm 11.1 (2.1) 10.7 (1.5) .259 0.41 6.6 0.72 (0.52 to 1.23) .89 (.65 to .97)

Free weights F0, N·kg
−1 29.9 (3.6) 31.5 (2.4) .305 0.38 9.9 3.03 (2.18 to 5.19) .04 (−.52 to .57)

V0, m·s−1 4.05 (0.89) 3.83 (1.77) .740 0.11 34.5 1.36 (0.98 to 2.32) .07 (−.50 to .60)

F–vIMB, % 52.6 (16.7) 43.2 (19.5) .354 0.42 42.1 20.2 (14.5 to 34.5) −.27 (−0.71 to .33)

Pmax, W·kg−1 29.9 (5.8) 29.7 (12.1) .944 0.02 30.0 7.75 (5.57 to 13.26) .38 (−.21 to .77)

H0, cm 30.9 (4.8) 30.8 (6.0) .925 0.03 7.8 2.42 (1.74 to 4.14) .85 (.58 to .95)

H1, cm 20.3 (4.1) 20.2 (4.0) .763 0.08 4.4 0.90 (0.65 to 1.55) .96 (.88 to .99)

H2, cm 16.9 (2.8) 17.3 (2.5) .108 0.40 3.8 0.65 (0.47 to 1.11) .95 (.85 to .99)

H3, cm 14.3 (2.1) 14.8 (1.6) .224 0.48 5.0 0.73 (0.53 to 1.25) .89 (.67 to .97)

H4, cm 11.6 (1.3) 12.0 (1.4) .385 0.34 6.9 0.82 (0.59 to 1.40) .69 (.22 to .90)

Abbreviations: CI, confidence interval; CV, coefficient of variation; ES, effect size (Hedges g); F0, maximal theoretical force; F–vIMB, force–velocity imbalance; H, jump
height; ICC, intraclass correlation coefficient; Pmax, maximal theoretical power; SEM, standard error of measurement; V0, maximal theoretical velocity. Note: H0, H1, H2,
H3 and H4 correspond to the height attained during jumps performed with 0%, 35%, 45%, 60%, and 70% of participants’ body mass. Data are presented as mean (SD).

Figure 2 — Individual between-day variation of the F–v imbalance
assessed under constrained (ie, on a Smith machine, A) or unconstrained
conditions (ie, using free weights, B). The P value corresponds to the
comparison between days. CV indicates coefficient of variation; F–v,
force–velocity; ICC, intraclass correlation coefficient.
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be assessed using a simple freefall test, as done elsewhere for the
estimation of mean force and velocity during the bench press25—to
normalize the measures obtained under constrained and uncon-
strainedQ9 conditions.

Finally, one of the major findings of our study was the low
reliability observed for the F–v variables computed from loaded
jumps performed under constrained and particularly unconstrained
conditions, despite the acceptable reliability of each individual
jump. Previous evidence supports an overall acceptable reliability
of the F–v profile or load–velocity profile of squat and jump
exercises computed using linear position transducers15 and force
plates.16,17 However, to our knowledge no previous study had
examined the between-day reliability of the important F–v vari-
ables (F0, v0, Pmax, and F–vIMB) computed using Samozino
method. Samozino et al4 and Giroux et al5 observed that the
mean F–v variables computed for each individual jump (F, v,
and P, but not F0, v0, Pmax, or F–vIMB) using Samozino method
presented a good between-day reliability. Moreover, Janicijevic
et al11 recently observed that the F–v variables obtained with
Samozino method during 2 consecutive blocks of jumps (comput-
ing F–v variables based on 1 unloaded jump and 2 loaded jumps
performed using free weights) presented an overall acceptable
reliability. However, whereas the reliability was high for variables
such as F0 or Pmax (CV < 5% and ICC > .90 when using both a self-
preferred knee angle and a fixed knee angle of 90°), the reliability
for the slope of the F–v profile was poorer (CV > 10% and
ICC < .80).11 Moreover, the same research group recently reported
that the F–v variables assessed during squat jumps (again, based
on 1 unloaded jump and 2 loaded jumps performed using free
weights) differ meaningfully when obtained with a knee angle
of 80°, 90°, or 100°, with the F–v slope being indeed poorly
correlated between conditions (r = .178–.645).12 These results
highlight the importance of hPO on the F–v profile, as variations
in the hPO can result in meaningful differences in the computed
values of force and velocity.6 As proposed by Samozino et al26

“for a given individual, a change in hPO (induced for instance by a
change in starting position) may lead to variations in F0 and v0
due to the effects of both muscles force-length relationships and
changes in joint moment arms during extension.” In the present
study, we tried to keep hPO steady across trials, but our results
suggest that even minor changes might result in a low reliability
of F–v measures. The accurate monitoring of hPO across tests is
therefore essential to ensure the optimal reliability of the F–v
profile.

Apart from the potential influence of hPO on the reliability of
the F–v profile, the inner subjects’ individual physiological char-
acteristics should not beQ10 disregarded. The F–v profile depends on
the proper fit of the F–v data obtained for each individual subject to
a linear regression, which allows the estimation of F0 and v0.
However, considerable debate exists regarding the actual linearity
of F–v data, particularly at very low force values, which could not
be measured in the present study.27,28 It is important to note that
factors that impact the linearity of the measure might result in an
incorrect estimation of V0 and F–vIMB. In addition, some F–v data
might deviate from this linearity due to a lack of maximal effort by
the subject during the prescribed jumps. Future research should
confirm if the F–v data estimated by Samozino method is actually
linear, and address whether setting objective thresholds for deter-
mining the validity of the obtained F–v data from each jump, as
shown in a recent study for the F–v profile assessed during the leg
press exercise with a linear position transducer,29 could improve
the reliability of this method.

Practical Applications
The present findings suggest that F–v variables assessed using
Samozino method differ meaningfully when obtained using con-
strained and unconstrained jumps, which can result in an individual
presenting a completely different F–vIMB (ie, force vs velocity
deficit) depending on the assessment method. Most importantly,
our results show that—contrary to the height attained in each single
jump—the estimated F–v variables and particularly the F–vIMB

present a poor reliability between days when obtained under both
constrained and especially unconstrained conditions. These find-
ings raise concerns on the suitability of these markers—at least in
the present population and when obtained following the procedures
used here—for the accurate assessment of muscle function or for
the guidance of training prescription. Indeed, the observed standard
errors of measurement for F–vIMB (7.1% and 20.2% for constrained
and unconstrained conditions) are close to or even higher than the
threshold (±10%) set by other authors to determine whether a F–v
profile is balanced or not, and could therefore result in a subject
being prescribed a diverse training prescription depending on the
daily variation in the F–v profile.7,8 Further research is therefore
needed to improve the reliability of this procedure, as well as to
confirm whether friction forces should be considered when testing
the F–v profile under constrained conditions. More studies are also
warranted to compare the effectiveness of F–v profile-based training
programs and traditional training interventions (eg, plyometrics,
mixed training programs, etc). Indeed, despite being outside the
scope of this work, it must be noted that recent evidence suggests
that an individualized training intervention based on the “horizontal”
F–v profile (ie, computed from sprints instead of jumps) is not more
effective than a standard one for the improvement of sport perfor-
mance.30 Moreover, a recent study reported that, although an
individualized training intervention prescribed attending to the
“vertical” F–v profile led to greater improvements on the F–vIMB

than a nonindividualized training program, it provided no consistent
additional benefits (ie, no significant time by group interaction
effect) on power, sprint, or strength performance.13

Finally, some limitations must be acknowledged, notably the
small sample size used—particularly for reliability analyses—and
not having replicated our procedures using a gold standard method
such as a force plate. Moreover, the characteristics of the included
participants who were young trained judokas and do not usually
jump as part of their sport (despite being familiarized with the
loaded jump squat) might also potentially confound the results. In
this regard, it must be noted that the F–v profile assessed through
Samozino method has been used for the assessment of lower-limb
mechanical properties in a great variety of sports (eg, basketball,
rugby, volleyball, judo, karate, weightlifting, tennis).31 The level of
familiarization with the test procedures (ie, loaded squat jumps)
needed for an optimal reliability of the F–v profile should be
investigated, and research is also warranted to confirm whether this
strategy is appropriate—based on its validity, reliability, and
sensitivity—for the assessment of lower-limb performance in
sports in which vertical jumps are not a main component.

Conclusions
Our exploratory analyses show that F–v variables (ie, F0, v0,
F–vIMB, and Pmax) estimated using Samozino method might differ
meaningfully when obtained from either constrained or uncon-
strained loaded jumps. Moreover, although the height attained on
each single jump seems to present an acceptable reliability on both
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constrained and unconstrained conditions, the abovementioned
F–v variables and particularly the F–vIMB might present a low
between-day reliability, particularly when obtained from uncon-
strained loaded jumps.
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